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(54) Reducing agent for emission control system, reducing-agent supply device, and emission 
control system using the reducing agent 



(57) A reducing agent (1 ) for use in an internal com- 
bustion engine is a mixture of an ammonia-derived solid 
reducing material and a water-insoluble liquid in which 
the solid reducing agent is immersed. A reducing-agent 



supply device (11) is provided for supplying a denitration 
catalyst (10) with the reducing agent, such that the re- 
ducing agent is introduced into a portion of an exhaust 
passage of the internal combustion engine which is up- 
stream of the denitration catalyst. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The invention relates to a reducing agent. The 
invention also relates to an emission control system that 
uses the reducing agent for removing or reducing NOx 
contained in an exhaust gas emitted from an internal 
combustion engine. 

2. Description of Related Art 

[0002] NOx catalysts of selective- reduction type are 
widely used in emission control systems arranged to re- 
move or reduce NOx in exhaust gas emitted from an 
internal combustion engine (e.g., a diesel engine or a 
lean-burn gasoline engine) that is operable at a lean air/ 
fuel ratio (higher than the stoichiometric value). Such 
NOx catalysts of selective-reduction type use a reducing 
agent for reducing or decomposing harmful NOx in the 
exhaust emission, under an oxygen-rich atmosphere. 
[0003] The NOx catalyst of selective-reduction type 
as described above commonly employs hydrocarbon as 
the reducing agent. However, it has been proposed to 
use other kinds of reducing agents, such as urea and 
other ammonia-derived reducing agents. JP-A- 
7-323216 discloses an exemplary reducing-agent sup- 
ply device using solid urea as the reducing agent 
[0004] In the reducing-agent supply device disclosed 
in J P-A- 7-32321 6, a fuel-burning layer of catalyst is dis- 
posed in a portion of an exhaust passage, which is up- 
stream of a denization device. When a combustion de- 
vice (engine) is started, fuel is sprayed for combustion 
in a portion of the exhaust passage upstream of the fuel- 
burning catalyst layer. The supply of the fuel is terminat- 
ed when the temperature of the denitration device has 
reached a predetermined value. Then, the reducing- 
agent supply device introduces a solid or liquid reducing 
agent into a portion of the exhaust passage upstream 
of the fuel-burning catalyst layer. The above-identified 
publication teaches the use of a powdered reducing 
agent, such as melamine, urea and cyanuric acid. 
[0005] With the powdered reducing agent sprayed 
over the fuel-burning catalyst layer, the reducing agent 
is vaporized for denitration reaction with NOx in the ex- 
haust gas, whereby NOx in the exhaust gas is converted 
into nitrogen. 

[0006] The denitration device for denitration of the ex- 
haust gas as disclosed in the publication JP-A-7-32321 6 
uses a solid reducing agent stored in a storage tank. 
Where solid urea alone is used as the solid reducing 
material, the solid urea agglomerates as a result of ab- 
sorption of an aqueous component during the storage 
in the tank, and therefore suffers from a low degree of 
mobility and difficult control of the amount of supply from 
the tank. 



[0007] In the case where a catalytic device for con- 
verting NH 3 into NO is present in the exhaust passage, 
the introduction of a reducing agent such as solid urea 
to a portion of the passage upstream of the catalytic de- 
s vice causes oxidization of the reducing agent due to its 
flow through the catalytic device. As a result, the reduc- 
ing agent is not able to reduce or remove NOx in the 
exhaust gas at the catalyst of the denitration device dis- 
posed downstream of the catalytic device. Accordingly, 
the portion of the exhaust passage into which the reduc- 
ing agent is introduced must be determined depending 
upon the specific position of the catalytic device in the 
exhaust passage. 

SUMMARY OF THE INVENTION 

[0008] It is therefore a first object of the invention to 
provide a solid reducing material that does not agglom- 
erate during storage and supply. 
[0009] A second object of this invention is to provide 
an emission control system including a reducing-agent 
supply device, which permits efficient introduction of a 
solid reducing agent. 

[0010] A third object of the invention is to provide an 
emission control system including a reducing-agent 
supply device, which uses a reducing agent that does 
not agglomerate during storage and supply, and which 
is capable of introducing the reducing agent into a por- 
tion of an exhaust system of an internal combustion en- 
gine, such that the introduction of the reducing agent 
into that portion of the exhaust system does not deteri- 
orate the exhaust emission of the engine. 
[001 1 ] To accomplish the first object indicated above 
and/or other objects, there is provided according to a 
first aspect of the invention a reducing agent comprising 
a mixture of an ammonia-derived solid reducing material 
and a water-insoluble liquid in which the solid reducing 
agent is immersed or dispersed. 

[0012] The ammonia-derived solid reducing material 
may be urea, biuret or ammonium carbamate, for exam- 
ple. 

[0013] The solid reducing material may be in a pow- 
dered or pelletized form. The particle or pellet size of 
the solid reducing material is desirably selected for easy 
handling by an associated system or device, and is pref- 
erably not larger than about 3.0mm. 
[0014] The water-insoluble liquid may be selected 
from a wide variety of mineral oils and plant oils. Exam- 
ples of the mineral oils include light oil, kerosene, gaso- 
line and silicone oil. Examples of the plant oils include 
rapeseed oil, coconut oil and eucalyptus oil. At least one 
of the mineral and plant oils may be used as the water- 
insoluble liquid. A mixture of two or more mineral and/ 
or plant oils may be used as the water-insoluble liquid, 
as long as the mixture is possible. 
[001 5] Any water-insoluble liquid may be used as long 
as the water-insoluble liquid does not dissolve the solid 
reducing material within the mass of the liquid, and does 
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not have an adverse influence on a catalyst to which the 
solid reducing material is to be applied. Where the re- 
ducing material is used for a catalyst for purifying ex- 
haust gases emitted from an internal combustion en- 
gine, a fuel, such as gasoline or light oil used by the 
engine, is preferably used as the water-insoluble liquid 
for easy handling. 

[0016] The temperature of the mixture is preferably 
lower than an upper limit above which the solid reducing 
material is fused or melted. This limitation of the tem- 
perature is desirable to assure easy control of introduc- 
tion of the mixture and to effectively introduce only the 
solid reducing material. 

[0017] Described in detail, the temperature of the mix- 
ture during storage or supply is lowerthan the lowerone 
of (i) the boiling point of the water-insoluble liquid and 
(ii) the fusing or melting point of th e solid reducing agent. 
Where the mixture includes solid urea as the solid re- 
ducing material and light oil as the water-Insoluble liqu id, 

r" "S the boiling point of the light oils ranges from about 250°C 
to about 350°C while the fusing point of the solid urea 
is about 130°C, so that the temperature of the mixture 
is preferably held below the fusing point of the solid urea. 
[0018] The water-insoluble liquid preferably has a 
lower specific gravity than the solid reducing material, 
so that the solid reducing material does not float on, or 
entirely exist adjacent to the surface of, a mass of the 
water-insoluble liquid, but is distributed or dispersed 
within or throughout the mass of the water-insoluble liq- 
uid, in order to prevent agglomeration of the solid reduc- 
ing material into a large solid mass or to improve the 
ease of handling of the reducing material. 
[0019] A solid reducing agent stored in a suitable stor- 
age device may be fed by any suitable feeding device 
into another storage device provided with a suitable 
heater for liquefying the solid reducing agent, so that the 
resulting liquid reducing agent is introduced by a suita- 
ble introducing device into a portion of an exhaust pas- 
sage, which is upstream of an NOx catalyst of selective- 

( j reduction type. 

s " [0020] The internal combustion engine for which the 
reducing agent is used according to the invention may 
be a lean-burn gasoline or diesel engine of direct fuel 
injection type, for example. 

[0021] The NOx catalyst of selective-reduction type 
may include a substrate formed of zeolite and an ion- 
exchanged transition metal carried on the substrate. 
The NOx catalyst may alternatively include a substrate 
formed of zeolite or alumina and a noble metal carried 
by the substrate. 

[0022] The solid reducing agent may be introduced at 
a desired rate into an exhaust passage by a suitable 
supplier such as an injector, which is controlled by a suit- 
able control device, for example, an electronic control 
unit (ECU) generally used for controlling an internal 
combustion engine. The solid reducing agent to be in- 
jected into the exhaust passage need not be liquefied 
or gasified (vaporized), but may be fluidized while re- 
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maining in a solid state. Alternatively, the solid reducing 
agent in a powdered form may be introduced into the 
exhaust passage. 

[0023] In the first aspect of the invention, the solid re- 
s ducing material is stored as a mixture with the water- 
insoluble liquid, as described above, so that the solid 
reducing material does not absorb an aqueous compo- 
nent contained in the air, and the particles or pellets of 
the solid reducing material do not agglomerate into a 
10 large solid mass. In addition, the reducing agent has a 
high degree of mobility for easy introduction into the ex- 
haust passage, in the presence of the water-insoluble 
liquid. 

[0024] To accomplish the second object and/or other 

15 object(s), there is provided according to a second as- 
pect of the invention a reducing-agent supply device for 
an internal combustion engine, for supplying a deniza- 
tion catalyst with a reducing agent. The reducing agent 
comprises a mixture of an ammonia-derived solid reduc- 

20 ing material and a water-insoluble liquid. The reducing- 
agent supply device is operable to introduce the reduc- 
ing agent into a portion of an exhaust passage of the 
internal combustion engine which is upstream of the 
denization catalyst. The denitration catalyst is arranged 

25 to induce a reaction between NOx and ammonia (NH 3 ), 
for promoting the conversion of NOx into nitrogen (N 2 ). 
For example, the denitration catalyst includes a sub- 
strate formed of titania, and molybdenum oxide or va- 
nadium oxide carried on the titania substrate. 

30 [0025] When the exhaust passage of the internal 
combustion engine has only the denitration catalyst, the 
reducing agent is introduced into a portion of the ex- 
haust passage between the internal combustion engine 
and the denitration catalyst. In this case, there is in- 

35 duced a reaction between the reducing agent and NOx 
contained in the exhaust gas, so that NOx is converted 
into harmless nitrogen. 

[0026] When a catalyst for converting NH 3 into NO is 
disposed in a portion of the exhaust passage between 

40 the internal combustion engine and the denitration cat- 
alyst, the reducing agent is introduced into a portion of 
the exhaust passage between the above-indicated con- 
verting catalyst and the denitration catalyst. In this case, 
the reducing agent is applied to the downstream deni- 

45 tration catalyst, without oxidization by the converting 
catalyst, so that a denitration reaction is induced at the 
denitration catalyst, between the reducing agent and 
NOx in the exhaust gas. 

[0027] The catalyst for converting NH 3 into NO is dis- 
50 posed in a relatively upstream portion of the exhaust 
passage. The catalyst may be an oxidizing catalyst, a 
three-way catalyst, an NOx catalyst of occlusion-reduc- 
tion type, an NOx catalyst of selective-reduction type, a 
DPR, DPNR or an adsorption catalyst. 
55 [0028] The oxidizing catalyst is arranged to oxidize 
HC and CO in the exhaust gas, into H 2 0 and C0 2 . The 
three-way catalyst is arranged to perform the function 
of the oxidizing catalyst, and is at the same time capable 
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of reducing NOx in the exhaust gas when the exhaust 
gas is produced as a result of combustion of an air-fuel 
mixture having the stoichiometric air/fuel ratio. Thus, the 
three-way catalyst is capable of converting the three 
harmful gas components into harmless C0 2 , H 2 0 and s 
N 2 . 

[0029] The NOx catalyst of occlusion-reduction type 
is arranged to absorb NOx when the exhaust gas has a 
lean air/fuel ratio, and releases the absorbed NOx for 
reduction into N 2 when the oxygen concentration of the 
exhaust gas is lowered, 

[0030] The NOx catalyst of selective-reduction type is 
arranged to reduce or decompose NOx in the presence 
of HC in the oxygen-rich atmosphere. 
[0031] The DPR (Diesel Particulate Reactor) or DP- 
NR (Diesel Particulate NOx Reduction) is a particulate 
filter carrying an active-oxygen releasing agent, for ox- 
idizing particulate deposited on the particulate filter. Fur- 
ther, the DPR or DPNR is capable of absorbing NOx 
when the exhaust gas has a lean air/fuel ratio, and re- 
leasing the absorbed NOx for reduction into N 2 when 
the oxygen concentration of the exhaust gas is lowered. 
[0032] To accomplish the above-indicated third object 
and/or other object(s), there is provided according to a 
third aspect of the invention an emission control system 
for an internal combustion engine. The system includes 
(a) a denitration catalyst disposed in an exhaust pas- 
sage of the internal combustion engine, to reduce or de- 
compose NOx, and (b) a reducing-agent supply device 
disposed near the exhaust passage. The reducing- 
agent supply device is operable to introduce a controlled 
amount of a reducing agent into the exhaust passage 
for use with the denitration catalyst. The reducing agent 
comprises a mixture of an ammonia- derived solid reduc- 
ing material and a water-insoluble liquid. In this system, 
the reducing-agent supply device introduces the reduc- 
ing agent into the exhaust passage when a first purifi- 
cation percentage representing a capability of the den- 
itration catalyst to remove the water-insoluble liquid is 
greater than a threshold value. 

[0033] Preferably, the introduction of the reducing 
agent into the exhaust passage is initiated when a sec- 
ond purification percentage representing a capability of 
the denitration catalyst to remove HC and a third purifi- 
cation percentage representing a capability of the den- 
itration catalyst to remove NOx, in addition to the first 
purification percentage, are greater than respective 
threshold values. The purification percentage of each of 
the water-insoluble liquid, HC, and NOx may be deter- 
mined on the basis of the detected temperature of the 
exhaust gas or denitration catalyst. 
[0034] The denitration catalyst is arranged to induce 
a reaction between NOx and ammonia (NH 3 ), for pro- 
moting the conversion of NOx into nitrogen (N 2 ). For in- 
stance, the denitration catalyst includes a substrate 
formed of titania, and a molybdenum oxide or vanadium 
oxide carried on the titania substrate. 
[0035] The arrangement can prevent the introduction 



of the reducing agent before the temperature of the ex- 
haust gas has reached a value above which the water- 
insoluble liquid can be removed from the exhaust gas, 
so that the water-insoluble liquid of the reducing agent 
does not pass through the denitration catalyst into the 
atmosphere. Where the introduction of the reducing 
agent is initiated when the purification percentages of 
the water-insoluble liquid, HC and NOx have all exceed- 
ed the predetermined values, the passage of not only 
the water-insoluble liquid, but also HC and NOx into the 
atmosphere, are prevented. 

[0036] According to the principle of this invention de- 
scribed above, the solid reducing material is stored as 
a mixture with the water-insoluble liquid, so that the solid 
reducing material does not absorb an aqueous compo- 
nent contained in the air, and the particles or pellets of 
the solid reducing agent do not agglomerate into a large 
solid mass. 

[0037] In addition, the water-insoluble liquid functions 
to improve the mobility of the reducing agent including 
the solid reducing material, so that the solid reducing 
material, such as solid urea, can be easily introduced 
into the exhaust passage. Further, the reducing agent 
can be introduced in an appropriate condition of the ex- 
haust gas or denitration catalyst, so as to assure effi- 
cient removal of NOx from the exhaust gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The foregoing and/or further objects, features 
and advantages of the invention will become more ap- 
parent from the following description of exemplary pre- 
ferred embodiments with reference to the accompany- 
ing drawings, in which like numerals are used to repre- 
sent like elements and wherein: 

Fig. 1 shows a reducing agent including a solid re- 
ducing material according to an exemplary embod- 
iment of the invention, when the reducing agent is 
stored in a storage container; 
Fig. 2 is a schematic view illustrating an exemplary 
emission control system which uses the reducing 
agent as shown in Fig. 1 ; 

Fig. 3 is a schematic view in cross section showing 
a supply control valve for controlling the supply of 
the reducing agent; 

Fig. 4 is a view showing an example of an exhaust 

passage in which a denitration catalyst is disposed 

downstream of an upstream catalyst; 

Fig. 5 is a view showing an example of an exhaust 

passage in which a denitration catalyst is disposed 

downstream of a DPR or DPNR; 

Fig. 6 is a view showing an example of an exhaust 

passage in which a denitration catalyst is disposed 

downstream of an occlusion-reduction type NOx 

catalyst; 

Fig. 7 is a view showing an example of an exhaust 
passage in which a denitration catalyst is disposed 
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downstream of an oxidizing catalyst; 
, Fig. 8 is a view showing an example of an exhaust 

passage in which a denitration catalyst is disposed 
downstream of a three-way catalyst; 
Fig. 9 is a view showing an example of an exhaust 
passage in which a denitration catalyst is disposed 
downstream of a DPF (Diesel Particulate filter) 
which is disposed downstream of an oxidizing cat- 
alyst; 

Fig. 1 0 is a view showing an example of an exhaust 
passage in which a denitration catalyst is disposed 
downstream of a HC/NOx adsorption catalyst; 
Fig. 1 1 is a view showing an example of an exhaust 
passage in which a high-temperature type denitra- 
tion catalyst is disposed downstream of a low-tem- 
perature type denitration catalyst; 
Fig. 1 2 is a view showing an example of an exhaust 
passage in which a denitration catalyst is disposed 
downstream of a DPF; and 
, ' \, Fig. 13 is a view indicating a relationship between 

. 1 exhaust gas temperature (catalyst temperature) 

and purification percentage. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0039] Referring to the drawings, there will be de- 
scribed exemplary preferred embodiments of the inven- 
tion as applied to a reducing agent used for an internal 
combustion engine in the form of a diesel engine for an 
automotive vehicle. 

First Embodiment 

[0040] Fig. 1 shows an example of a reducing agent 
including solid urea 1 as an ammonia-derived reducing 
material. The solid urea 1 is in a powdered form and can 
typically have a particle size of, for example, about 5pxn. 
The reducing agent used in this embodiment is a mixture 
) of the powdered solid urea 1 and light oil or gas oil 2 as 
a water-insoluble liquid. This mixture is stored in a stor- 
age container 1 2. Thus, the reducing agent including the 
solid reducing material in the form of the solid urea 1 is 
fluidized by the water-insoluble liquid in the form of the 
light oil 2. In other words, the mixture of the solid urea 
1 and the light oil 2 is considered to be a fluidic mass or 
a fluidized mass. 

[0041] The water-insoluble liquid preferably has a 
lower specific gravity than that (about 1 .2) of the solid 
urea 1 , In this example, the light oil 2 having a low spe- 
cific gravity is used as the water-insoluble liquid. Accord- 
ingly, the solid urea 1 does not float on the surface of 
the light oil 2, but is distributed or dispersed within or 
throughout the light oil, such that the solid urea 1 and 
the light oil 2 cooperate to form an entirely uniform fluidic 
mixture. 

[0042] In embodiments, ammonia-derived reducing 
materials other than solid urea may be used. For exam- 



ple, biuret and ammonium carbamate may be used. In 
this case, the water-insoluble liquid used in combination 
with these ammonia-derived reducing materials other 
than urea preferably has a specific gravity lower than 

s those of the reducing materials used. 

[0043] Referring next to Figs. 2 and 3 ? there will be 
described an example of an emission control system 
which uses the reducing agent as described above. The 
emission control system is provided for a diesel engine 

to so including a plurality of cylinders each of which has a 
piston 6 partially defining a combustion chamber 51 . Air 
is introduced through an intake pipe 4 into the combus- 
tion chamber51 through an aircleaner3. Fuel is injected 
through a fuel injection valve 5 into the combustion 

15 chamber 51 , for combustion at a lean air/fuel ratio, 
[0044] An exhaust gas emitted from each combustion 
chamber 51 is discharged into the atmosphere through 
an exhaust pipe 7, a NOx catalytic converter 8 and a 
downstream exhaust pipe 9. The NOx catalytic convert- 

20 er 8 houses a zeolite-silica-based NOx catalyst 10 of 
selective-reduction type for reducing or decomposing 
NOx in the exhaust gas, in the presence of a reducing 
agent. 

[0045] The reducing agent enables the NOx catalyst 

25 1 o of selective-reduction type to reduce or remove NOx . 
To this end, the emission control system is provided with 
a reducing-agent supply device 11 located near the ex- 
haust pipe 7, to introduce the reducing agent into the 
exhaust pipe 7 that is disposed upstream of the NOx 

30 catalytic converter 8. 

[0046] The reducing-agent supply device 11 is ar- 
ranged to introduce into the exhaust pipe 7 the reducing 
agent that is a fluidic mass or a fluidized mass including 
a mixture of the solid urea 1 and the light oil 2. The de- 

35 vice 11 includes a reducing-agent storing portion pro- 
vided by the storage container 12 for storing the reduc- 
ing agent including the solid urea 1 , and a supply control 
valve 1 4 which is disposed below the storage container 
12 and is open to the exhaust pipe 7. 

40 [0047] The storage container 12 has an inlet 12a, 
which is opened and closed by a lid 12b. As shown in 
Fig. 2, the storage container 1 2 has an outlet 1 2d formed 
through a bottom wall 12c. The outlet 12d is connected 
through a communication passage 12e to the supply 

45 control valve 14. The storage container 12 is of a car- 
tridge type, and can be removed from a housing 1 3 (Fig. 
3) when the storage container 12 is slidably moved in a 
direction indicated by arrow A in Fig. 2. When the reduc- 
ing agent stored in the storage container 12 has been 

50 entirely consumed, the storage container 1 2 can be re- 
placed with a new one filled with the reducing agent. 
[0048] The housing 13 accommodating the storage 
container 12 is provided with a residue sensor 17 ar- 
ranged to detect the amount of the reducing agent re- 

55 maining in the storage container 1 2. The residue sensor 
1 7 applies to an ECU 1 6 an output signal having a level 
proportional to the detected remaining amount of the re- 
ducing agent. When the remaining amount of the reduc- 
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ing agent as represented by the output signal of the res- 
idue sensor 17 is smaller than a predetermined thresh- 
old (hereinafter referred to as "alarming threshold"), the 
ECU 1 6 activates an alarm light 23 provided on a meter 
panel 22, informing that the remaining amount of the re- 
ducing agent has become smaller than the threshold. 
[0049] When the ECU 16 receives an output signal of 
the residue sensor 1 7 indicating a lower limit value that 
is even smaller than the above-indicated alarming 
threshold, the ECU 1 6 turns off the reducing-agent sup- 
ply device 1 1 , so that the supply control valve 1 4 is fully 
closed to stop the introduction of the reducing agent. 
[0050] In the example of Fig. 2, the reducing agent 
stored in the storage container 12 is a fluidized mass 
which is a mixture of the solid urea 1 and the light oil 2, 
as described above. Accordingly, the reducing agent in- 
cluding the solid urea 1 can flow downwards from the 
outlet 12d toward the supply control valve 14. 
[0051] The reducing agent that is the mixture of the 
solid urea 1 and the light oil 2 is introduced into the ex- 
haust pipe 7 while the rate of flow of the reducing agent 
into the exhaust pipe 7 is controlled by thesupply control 
valve 14 as shown in Fig. 3. The supply control valve 14 
has a needle valve 1 4a at one end thereof, and a supply 
passage 14d, which extends in an axial direction so as 
to receive a valve body 14c in the form of a spool and 
which is connected to the communication passage 1 2e 
extendingfrom the storage container 12. The valve body 
14c is guided by a guide 14e such that the valve body 
1 4c is reciprocable. At the rear end of the supply control 
valve 14, there is provided a stopper 14f mounted on a 
rear end portion of the valve body 14c. The stopper 14f 
is normally held in contact with a rear end face of the 
body of the supply control valve 14. A solenoid coil 37 
is disposed behind the stopper 14f. When the solenoid 
coil 37 is energized, the stopper 14f is attracted rear- 
wards toward the solenoid coil 37. 
[0052] The guide 1 4e for the valve body 14c is pro- 
vided with a seal 14b on its outer circumferential sur- 
face, for preventing leakage of the supplied reducing 
agent. 

[0053] The operation of the supply control valve 1 4 is 
controlled by the ECU 16. The energization of the sole- 
noid coil 37 in response to a command received from 
the ECU 16 causes a reward movement of the stopper 
14f and a consequent rearward movement of the valve 
body 14c, which in turn cause the needle valve 14a at 
the front end of the valve body 14c to be opened. As a 
result, the reducing agent is allowed to be introduced 
into the exhaust pipe 7 at a predetermined rate for a pre- 
determined length of time. The rate of flow of the reduc- 
ing material into the exhaust pipe 7 through the needle 
valve 14a is controlled with the duty ratio of the solenoid 
coil 37 being controlled by the ECU 16. 
[0054] Upon de-energization of the solenoid coil 37, 
the stopper 14f is returned to its original position under 
a biasing action of a spring 38, so that the needle valve 
14a is closed to terminate the introduction of the reduc- 



ing agent. 

[0055] The reducing-agent supply device 11 further 
includes a pump (not shown) and a pressure regulating 
portion including a pressure regulator 39 (Fig. 2). The 

s pump and the pressure regulating portion are disposed 
upstream of the supply control valve 14. The pump is 
provided to pressurize the reducing agent consisting of 
the mixture of the solid urea 1 and the light oil 2 and 
deliver the pressurized reducing agent to the pressure 

10 regulating portion. The pressure regulator 39 of the 
pressure regulating portion is arranged to control the 
pressure of the reducing agent. 

[0056] On the other hand, the exhaust pipe 7 dis- 
posed upstream of the NOx catalytic converter 8 is pro- 
fs vided with an incoming-gas temperature sensor 1 9 for 
detecting the temperature of the exhaust gas that flows 
into the NOx catalytic converter 8 . The temperatu re sen- 
sor 19 applies to the ECU 16 an output signal having a 
level proportional to the detected temperature of the in- 
20 coming exhaust gas. 

[0057] The exhaust pipe 7 is further provided, at a por- 
tion thereof upstream of the incoming-gas temperature 
sensor 19, with an NOx sensor 21 for measuring the 
amount of NOx contained in the exhaust gas. 
25 [0058] The downstream exhaust pipe 9 disposed 
downstream of the catalytic converter 8 is provided with 
an ammonia-gas sensor 36, which applies to the ECU 
16 an output signal having a level proportional to the 
measured amount of ammonia gas. The ammonia-gas 
30 sensor 36 is provided to prevent leakage of the ammo- 
nia gas. That is, the ECU 16 regulates in a feedback 
fashion the amount of introduction of the reducing agent 
including the solid urea, on the basis of the amount of 
the ammonia gas detected on the basis of the output 
35 signal of the ammonia-gas sensor 36, so that the leak- 
age of the ammonia gas into the exhaust pipe 9 is pre- 
vented. 

[0059] The ECU 1 6 includes a digital computer incor- 
porating a ROM (read-only memory), a RAM (random- 

40 access memory), a CPU (central processing unit), an 
input port and an output port, which are interconnected 
to each other through a bidirectional bus. The ECU 16 
is arranged to perform not only basic engine controls, 
such as a fuel injection control of the diesel engine 50, 

45 but also a reducing-agent Introduction control for con- 
trolling the reducing-agent supply device 11 to control 
the introduction of the reducing material including the 
solid urea 1 into the exhaust pipe 7. 
[0060] To perform those controls, the ECU 16 re- 

50 ceives at its input port an output signal of an air flow 
meter 20 via an A/D converter. The output signal of the 
air flow meter 20 has a level proportional to an intake 
air quantity. The ECU 1 6 calculates the intake air quan- 
tity on the basis of the output signal of the air flow meter 

55 20. 

[0061] The NOx sensor 21 , which is disposed in the 
exhaust pipe 7 upstream of the NOx catalytic converter 
8, detects the concentration of NOx that flows into the 
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NOx catalytic converter 8. The NOx catalytic converter 
8 applies to the ECU 16 an output signal having a level 
proportional to the detected NOx concentration. The 
ECU 1 6 calculates the amount of NOx emitted from the 
diesel engine 50, on the basis of the NOx concentration 
detected by the NOx sensor 21 and the intake air quan- 
tity detected by the air flow meter 20. 
[0062] On the basis of the amount of NOx calculated 
as described above, the ECU 16 calculates a desired 
amount of introduction of the urea (reducing agent in- 
cluding the urea) necessary to reduce or remove the 
NOx, and calculates a duty ratio of the supply control 
valve 14 which permits a rate of flow of the reducing 
agent corresponding to the calculated desired amount 
of introduction of the urea. The ECU 1 6 controls the sup- 
ply control valve 14 at the calculated duty ratio. 
[0063] In the reducing-agent introduction control, the 
amount of NOx used to calculate the desired amount of 
introduction of the urea need not be detected by the NOx 
sensor 21, but may be estimated from the operating 
speed of the diesel engine 50 and the opening angle of 
a throttle valve provided for the engine. 
[0064] The rate of flow of the reducing material 
through the supply control valve 14 when operated at a 
given duty ratio varies depending upon the temperature 
of the mixture of the urea 1 and the light oil 2, and the 
back pressure at the output end of the supply control 
valve 14. In view of this variation, the desired duty ratio 
of the supply control valve 14 is corrected on the basis 
of the temperature of the mixture detected by a temper- 
ature sensor and the pressure of the exhaust gas de- 
tected by an incoming-gas pressure sensor. 
[0065] The operation of the emission control system 
for the diesel engine 50 will then be described. As de- 
scribed above, the ECU 16 controls the duty ratio of the 
supply control valve 1 4 according to the operating state 
of the diesel engine 50, that is, according to the amount 
of NOx produced by the diesel engine 50, to introduce 
the optimum amount of the reducing agent (i.e., the mix- 
ture of the urea 1 and the light oil 2) into the exhaust 
pipe 7. The reducing agent introduced into the exhaust 
pipe 7 is heated by the exhaust gas, and is consequently 
vaporized into a reducing gas (ammonia gas), which 
flows into the NOx catalytic converter 8, together with 
the exhaust gas. At this time, the light oil 2 which is a 
part of the mixture functions to promote the vaporization 
of the solid urea 1 . 

[0066] The reducing gas reduces or decomposes the 
NOx contained in the exhaust when the exhaust gas 
flows through the NOx catalyst 1 0 of selective-reduction 
type. The exhaust gas purified of the NOx is then dis- 
charged into the atmosphere through the downstream 
exhaust pipe 9. 

[0067] The NOx catalyst 10 of selective-reduction 
type has an operating characteristic that its NOx remov- 
al efficiency is comparatively low when the temperature 
of the exhaust gas is not higher than a predetermined 
threshold, and is comparatively high when the temper- 



ature of the exhaust gas is higher than the threshold. 
Therefore, the reducing gas flowing into the NOx cata- 
lytic converter 8 when the temperature of the exhaust 
gas is comparatively low tends to pass through the NOx 

s converter 8 into the atmosphere, without undergoing a 
reducing reaction with the NOx. In view of this tendency, 
the ECU 16 is adapted, in this embodiment, to hold the 
supply control valve 14 in the fully closed state to inhibit 
the introduction of the reducing agent and thereby pre- 

10 vent otherwise possible leakage of the reducing gas, 
while the temperature of the exhaust gas detected by 
the incoming-gas temperature sensor 19 is not higher 
than the predetermined threshold. 
[0068] In the present embodiment, the amount of NOx 

15 produced by the diesel engine 50 is calculated on the 
basis of the NOx concentration detected by the NOx 
sensor 21 disposed at the exhaust pipe 7 upstream of 
the NOx catalytic converter B and the intake air quantity 
detected by the air flow meter 20. However, the NOx 

20 amount produced by the diesel engine 50 may be ob- 
tained in the foliowing manner. Namely, experimentation 
is conducted to obtain a relationship between the NOx 
amount produced by the engine 50 and an operating 
condition of the engine 50 as represented by the engine 

25 load and speed. A data map representative of the thus 
obtained relationship is stored in the ROM of the ECU 
1 6. In operation of the emission co ntrol system, the ECU 
1 6 calculates the NOx amount produced by the engine 
50, on the basis of the detected engine load and speed, 

30 and according to the stored data map. In this case, the 
ECU 16 receives through its input port an output signal 
of an accelerator pedal sensor (not shown) and an out- 
put signal of a crank-angle sensor (not shown). The out- 
put voltage of the accelerator pedal sensor is propor- 

35 tional to the operating amount of the accelerator pedal, 
and the ECU 1 6 calculates the engine load on the basis 
of the output signal of the accelerator pedal sensor. The 
crank-angle sensor generates an output pulse for a pre- 
determined angle of rotation of the crankshaft of the die- 

40 sel engine 50, and the ECU 16 calculates the engine 
speed on the basis of the output pulses generated by 
the crank-angle sensor. 

[0069] In the present embodiment, the reducing agent 
is a fluidized mass consisting of a mixture of the solid 

45 urea 1 and a water-insoluble liquid in the form of the light 
oil 2. Like a liquid reducing agent, the fluidized reducing 
agent used in this embodiment can be stored without 
agglomeration, and the amount of introduction of the re- 
ducing agent into the exhaust pipe 7 can be controlled 

50 as desired by controlling the rate of flow through the sup- 
ply control valve 14. 

[0070] Further, the supply control valve 14 construct- 
ed as described above permits a sufficiently high degree 
of accuracy of control of the flow rate of the reducing 
55 material, which is af luidized mixture of a solid (solid urea 
1) and a liquid (light oil 2), rather than a gas. 
[0071] Although the present embodiment is adapted 
to introduce into the exhaust pipe of the internal com- 
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bustion engine the reducing agent in the form of a mix- 
ture of a solid reducing material (solid urea 1 ) and a wa- 
ter-insoluble liquid (light oil 2), it is possible to introduce 
a reducing agent in the form of liquid urea, which is pre- 
pared by liquefying a solid urea substance under heat. 
Thus, the liquid urea serving as a reducing agent may 
be injected into the exhaust pipe. In this case, the re- 
ducing-agent supply device 11 further includes a urea 
storage container that is disposed below the storage 
container 12 for storing the mixture of the solid urea 1 
and the light oil 2. The solid urea 1 fed from the storage 
container 1 2 is liquefied and is stored in the urea storage 
container. 

[0072] The urea storage container indicated above in- 
corporates a heat-generating source such as an electric 
heater (not shown). The operation of the heat-generat- 
ing source is controlled by the ECU 16, to maintain the 
temperature in the urea storage container within a pre- 
determined optimum range (e.g., from about 160°C to 
about 230°C) suitable for holding the urea in a liquid 
state. In this respect, it is noted that the solid urea may 
be gasified if the temperature in the urea storage con- 
tainer 15 is higher than the upper limit of the predeter- 
mined optimum range. 

[0073] Between the supply control device 1 4 and the 
urea storage container for storing the liquid urea, there 
are provided a pump (not shown) and a pressure regu- 
lating portion including a pressure regulator. The pump 
is provided to pressurize the liquid urea and deliver the 
pressurized liquid urea to the pressure regulating por- 
tion. The pressure regulator of the pressure regulating 
portion is arranged to control the pressure of the liquid 
urea. 

[0074] The urea storage container that contains the 
liquid urea is provided with a temperature sensorfor de- 
tecting the temperature of the liquid urea. The temper- 
ature sensor applies to the ECU 16 an outputsignal hav- 
ing a level proportional to the detected temperature of 
the liquid urea. 

Second Embodiment 

[0075] In the second embodiment, a solid reducing 
material (solid urea) included in a mixture of the solid 
reducing material and a water-insoluble liquid is sepa- 
rated from the water-insoluble liquid and is gasified into 
a gaseous reducing agent to be sprayed into the ex- 
haust passage. In this case, the mixture is subjected to 
a separating operation using a screen that prevents the 
solid re:, jcing material from passing therethrough, so 
that the solid reducing material and the water-insoluble 
liquid are separated from each other. The solid reducing 
materia! thus obtained is stored in a storage tank com- 
municating with an injector valve, and is heated therein 
at a temperature suitable for gasification. The thus gas- 
ified reducing agent is sprayed through the injector valve 
into the exhaust passage, to be added to the exhaust 
gas. 



[0076] In the present embodiment, the solid reducing 
material (solid urea) is stored as afluidized mixture with 
a water-insoluble liquid, so that the solid reducing ma- 
terial in a powdered form will not be agglomerated into 
s a large solid mass, and the fluidized mixture has a high 
degree of mobility. Further, the fluidity of the mixture in- 
cluding the solid reducing material permits easy control 
of the amount of introduction of the solid reducing ma- 
terial into the exhaust passage. 

10 

Third Embodiment 

[0077] Referring to Fig. 4, there is shown an example 
of an exhaust passage for discharging an exhaust gas 

15 emitted from an internal combustion engine 60, wherein 
a denitration catalyst 70 is disposed downstream of an 
upstream catalyst 62. The upstream catalyst 62 is gen- 
erally disposed upstream of the denitration catalyst, and 
is capable of oxidizing HC and CO at a temperature low- 

20 er than a temperature of activation of the denitration cat- 
alyst 70. 

[0078] The upstream catalyst 62, which is located in 
a relatively upstream portion of the exhaust passage, 
also functions to activate the denitration catalyst 70 at 

25 an earlier point of time. If urea as a reducing agent is 
introduced into a portion of the exhaust passage up- 
stream of the oxidizing upstream catalyst, NH 3 will be 
oxidized into NO during passage of NH 3 through the ox- 
idizing catalyst. 

30 [0079] Accordingly, the introduction of the reducing 
agent upstream of the oxidizing upstream catalyst doer, 
not achieve intended removal of NOx from the exhaust 
gas. In view of this, the reducing agent is introduceo into 
a portion 64 of the exhaust passage between the up- 

35 stream catalyst 62 and the denitration catalyst 70, where 
the upstream catalyst 62 is disposed upstream of the 
denitration catalyst 70. 

Fourth Embodiment 

40 

[0080] Referring to Fig. 5, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a DPR or DPNR 66 is provided. The DPR 
or DPNR includes a particulate filter that carries an ac- 

45 tive-oxygen releasing agent, and serves to oxidize par- 
ticulate matters deposited thereon. Furthermore, the 
DPR or DPNR is capable of absorbing NOx when the 
exhaust gas has a lean air/fuel ratio, and releasing the 
absorbed NOx for reduction into N 2 when the oxygen 

so concentration of the exhaust gas is lowered. 

[0081] If urea as a reducing agent is introduced into 
a portion of the exhaust passage upstream of an oxidiz- 
ing catalyst as part of the DPR or DPNR, NH 3 will be 
oxidized into NO during passage through the oxidizing 

55 catalyst. 

[0082] Accordingly, the introduction of the reducing 
agent upstream of the oxidizing catalyst as part of the 
DPR or DPNR does not achieve intended removal of 
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NOx from the exhaust gas. in view of this, the reducing 
agent is introduced into a portion 64 of the exhaust pas- 
sage between the DPR or DPNR 66 and the denitration 
catalyst 70, where the DPR or DPNR 66 is disposed up- 
stream of the denitration catalyst 70. 

Fifth Embodiment 

[0083] Referring to Fig. 6, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denitration catalyst 70 is disposed down- 
stream of a NOx catalyst 68 of occlusion-reduction type. 
For example, the occlusion-reduction type NOx catalyst 
68 includes (a) a substrate formed of alumina (A^Og), 
for example; (b) at least one element carried on the sub- 
strate and selected from alkali metals, such as potassi- 
um (K), sodium (Na), lithium (Li) and cesium (Sc); alkali 
earth metals, such as barium (Ba) and calcium (Ca); and 
rare earth metals, such as lanthanum (La) and yttrium 
(Y); and (c) at least one noble metal such as platinum 
(Pt) also carried on the substrate. The occlusion-reduc- 
tion type NOx catalyst is capable of absorbing nitrogen 
oxides (NOx) in the exhaust gas when the exhaust gas 
has a lean air/fuel ratio, and releasing the absorbed NOx 
for reduction when the oxygen concentration of the ex- 
haust gas is lowered in the presence of the reducing 
agent. 

[0084] The NOx catalyst 68 of occlusion-reduction 
type is disposed in a relatively upstream portion of the 
exhaust passage. If urea as a reducing agent is intro- 
duced into a portion of the exhaust passage upstream 
of the NOx catalyst. NH 3 will be oxidized into NO during 
passage through the NOx catalyst. 
[0085] Accordingly, the introduction of the reducing 
agent upstream of the NOx catalyst does not achieve 
intended removal of NOx from the exhaust gas. In view 
of this, the reducing agent is introduced into a portion 
64 of the exhaust passage between the NOx catalyst 68 
of occlusion-reduction type and the denitration catalyst 
70, where the NOx catalyst 68 is disposed upstream of 
the denitration catalyst 70. 

Sixth Embodiment 

[0086] Referring to Fig. 7, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denitration catalyst 70 is disposed down- 
stream of an oxidizing catalyst 72. The oxidizing catalyst 
72 is arranged to oxidize CO and HC in the exhaust gas, 
into harmless carbon dioxide and water vapor. 
[0087] Thus, the oxidizing catalyst 72 is disposed in 
a relatively upstream portion of the exhaust passage. If 
urea as a reducing agent is introduced into a portion of 
the exhaust passage upstream of the oxidizing catalyst, 
NH 3 will be oxidized into NO during passage through 
the NOx catalyst. 

[0088] Accordingly, the introduction of the reducing 
agent upstream of the oxidizing catalyst 72 does not 



16 

achieve intended removal of NOx from the exhaust gas. 
In view of this, the reducing agent is introduced into a 
portion 64 of the exhaust passage between the oxidizing 
catalyst 72 and the denitration catalyst 70, where the 
s oxidizing catalyst 72 is disposed upstream of the deni- 
tration catalyst 70. 

Seventh Embodiment 

10 [0089] Referring to Fig. 8, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denitration catalyst 70 is disposed down- 
stream of a three-way catalyst (TWC) 74. The three-way 
catalyst 74 is capable of simultaneously effecting oxidi- 
15 zation of CO and HC into carbon dioxide and water va- 
por and reduction of NOx into nitrogen. 
[0090] The three-way catalyst 74 is disposed in a rel- 
atively upstream portion of the exhaust passage. If urea 
as a reducing agent is introduced into a portion of the 
20 exhaust passage upstream of the three-way catalyst, 
NH 3 will be oxidized into NO during passage through 
the three-way catalyst. 

[0091] Accordingiy, the introduction of the reducing 
agent upstream of the three-way catalyst 74 does not 
25 achieve intended removal of NOx from the exhaust gas. 
In view of this, the reducing agent is introduced into a 
portion 64 of the exhaust passage between the three- 
way catalyst 74 and the denitration catalyst 70, where 
the three-way catalyst 74 is disposed upstream of the 
30 denitration catalyst 70. 

Eighth Embodiment 

[0092] Referring to Fig. 9, there is shown an example 
35 of an exhaust passage of an internal combustion engine 
60, in which a DPF (Diesel Particulate Filter) 75 is dis- 
posed downstream of an oxidizing catalyst 76, and a 
denitration catalyst 70 is disposed downstream of the 
DPR The oxidizing catalyst 76 may be carried by the 
40 DPF. In this case, a reducing agent within the DPF ac- 
tively reacts with oxygen, so that the temperature of the 
substrate of the DPF can be raised at a high rate, pro- 
moting the burning of particulate matters. 
[0093] However, the introduction of urea as a reduc- 
es ing agent into a portion of the exhaust passage up- 
stream of the oxidizing catalyst 76 would oxidize NH 3 
into NO during passage of NH 3 through the oxidizing 
catalyst. 

[0094] Accordingly, the introduction of the reducing 
so agent upstream of the oxidizing catalyst 76 does not 
achieve intended removal of NOx from the exhaust gas. 
In view of this, the reducing agent is introduced into a 
portion 64 of the exhaust passage between the oxidizing 
catalyst 76 and the denitration catalyst 70, where the 
55 oxidizing catalyst 76 is disposed upstream of the deni- 
tration catalyst 70. 
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Ninth Embodiment 

[0095] Referring to Fig. 1 0, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denization catalyst 70 is disposed down- 
stream of a HC/NOx adsorption catalyst 78. The HC/ 
NOx adsorption catalyst 78 is provided to keep adsorb- 
ing HC and NOx for preventing passage of HC and NOx 
through the denitration catalyst 70 into the atmosphere, 
at least until the denitration catalyst disposed down- 
stream of the HC/NOx adsorption catalyst is activated. 
[0096] Because NH 3 is oxidized into NO during pas- 
sage of NH 3 through the adsorption catalyst, the intro- 
duction of urea as a rec . :-g agent into a portion of the 
exhaust passage upstr • i of the adsorption catalyst 
does not achieve intended removal of NOx from the ex- 
haust gas. In view of this, the reducing agent is intro- 
duced into a portion 64 of the exhaust passage between 
the adsorption catalyst 78 and the denitration catalyst 
70, where the adsorption catalyst is disposed upstream 
of the denitration catalyst. 

Tenth Embodiment 

[0097] Referring to Fig. 1 1 , there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denitration catalyst 170 of high-tempera- 
ture type is disposed downstream of a denitration cata- 
lyst 270 of low-temperature type. 
[0098] In the present embodiment, a reducing agent 
is introduced into a portion 264 of the exhaust passage 
upstream of the low-temperature type denitration cata- 
lyst 270 where the fow-temperature denitration catalyst 
is used, and into a portion 164 of the exhaust passage 
upstream of the high-temperature denitration catalyst 
170 where the high-temperature denitration catalyst is 
used. Where the two denitration catalysts are used, the 
reducing agent is introduced in the respective portions 
264, 164 of the exhaust passage which are upstream of 
the respective two denitration catalysts 270, 170. 

Eleventh Embodiment 

[0099] Referring to Fig. 1 2, there is shown an example 
of an exhaust passage of an internal combustion engine 
60, in which a denitration catalyst 70 is disposed down- 
stream of a DPF 80. The DPF 80 is generally arranged 
to merely remove particulate matters from the exhaust 
gas, without oxidization of NH 3 . In the present embodi- 
ment, therefore, urea serving as a reducing agent is in- 
troduced into a portion 64 of the exhaust passage be- 
tween the internal combustion engine 60 and the deni- 
tration catalyst 70. Alternatively, the DPF may be dis- 
posed downstream of the denitration catalyst. 
[0100] As described above, the portion of the exhaust 
passage into which the reducing agent is introduced is 
selected depending upon the positions of the catalysts, 
so that NH 3 reaches the denitration catalyst, without ox- 



idization of NH 3 into NO, whereby the exhaust gas can 
be purified . JOx. 

Twelfth Embodiment 

5 

[0101] In the embodiment of Figs. 1 -3, the NOx cata- 
lyst 10 of selective-reduction type is contained in the 
NOx catalytic converter 8. However, a denitration cata- 
lyst may be contained in the NOx catalytic converter 8. 

10 The denitration catalyst is arranged to induce a reaction 
between NOx and ammonia (NH 3 ), for promoting the 
conversion of NOx into nitrogen (N 2 ). For instance, the 
denitration catalyst includes a substrate formed of tita- 
nia, and a molybdenum oxide or vanadium oxide carried 

15 on the titania substrate. 

[0102] In the present embodiment, the reducing agent 
is introduced into the exhaust passage when the tem- 
perature of the exhaust gas (denitration catalyst) has ex- 
ceeded a temperature above which the purification per- 

20 centages of HC and NOx and the purification percent- 
age of the mixture of the solid urea and the light oil are 
all higherthan a predetermined threshold . for instance, 
about 50%, as indicated in the graph of Fig. 13. 
[0103] Described in detail, the temperature of the e» 

25 haust gas (denitration catalyst) is detected by the incom- 
ing-gas temperature sensor 1 9, and the purification per- 
centage of the water-insoluble liquid (light oil) and the 
purification percentages of HC and NOx are estimated 
on the basis of the temperature of the exhaust gas. 

30 When the estimated purification percentages of the wa- 
ter-insoluble liquid, HC and NOx are all higherthan the 
predetermined threshold, the reducing agent is intro- 
duced into the exhaust passage. That is, the introduc- 
tion of the reducing agent is carried out at a temperature 

35 of the exhaust gas at which the three purification per- 
centages as indicated above are all higherthan the pre- 
determined threshold. 

[0104] In the present embodiment, the temperature of 
the substrate of the denitration catalyst is supposed to 

40 be equal to the temperature of the exhaust gas, and data 
maps representative of known relationships between 
the temperature of the denitration catalyst (exhaust gas) 
and the purification percentages of the mixture of the 
solid urea and the light oil, HC and NOx are stored in 

45 the ROM of the ECU 1 6. 

[0105] After the engine 50 is started, the temperature 
of the denitration catalyst is detected on the basis of the 
output signal of the incoming-gas temperature sensor 
1 9, and the purification percentages indicated above are 

50 obtained on the basis of the detected temperature and 
according to the stored data maps representative of the 
relationships between the temperature and the purifica- 
tion percentages as indicated in Fig. 13. When the ob- 
tained purification percentages have all exceeded the 

55 predetermined threshold, the introduction of the reduc- 
ing agent is initiated. In the present embodiment in 
which the mixture of the solid urea and the light oil is 
used, the introduction of the reducing agent is initiated 
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when the detected temperature has exceeded a thresh- 
old value above which the purification percentages of 
thelightoil, HC andNOxare all higherthan the threshold 
value of about 50%, as indicated by arrow X in Fig. 13. 
[0106] In the present embodiment, the ECU 1 6 holds 
the supply control valve 14 in the fully closed state to 
inhibit the introduction of the reducing agent including 
urea, forthereby preventing leakage of the reducing gas 
into the atmosphere, while the temperature of the ex- 
haust gas (denitration catalyst) detected by the incom- 
ing-gas temperature sensor 19 is not higher than the 
above-indicated threshold value. 

[0107] The present embodiment using the mixture of 
the solid urea 1 and the water-insoluble liquid 2, which 
is a fluidic orfluidized mass, permits a high degree of 
accuracy of control of the flow rate of the reducing agent 
by the supply control valve 14. 

Thirteenth Embodiment 

[0108] The present embodiment is also adapted to 
use the emission control system as used in the first em- 
bodiment and as shown in Fig. 2, for introducing a re- 
ducing agent including urea into the exhaust pipe 7. In 
this embodiment, however, the emission control system 
uses kerosene as a water-insoluble liquid contained in 
the reducing agent, so that a mixture of the solid urea 1 
and the kerosene is introduced as the reducing agent 
into the exhaust pipe 7. 

[0109] As in the twelfth embodiment, the introduction 
of the reducing agent comprising the mixture of the solid 
urea and the kerosene is initiated when the purification 
percentages of the mixture, HC and NOx have all ex- 
ceeded the predetermined threshold, 
[0110] Namely, the introduction of the reducing agent 
is initiated when the detected temperature of the ex- 
haust gas (denitration catalyst) has exceeded a thresh- 
old value above which the purification percentages of 
the kerosene, HC and NOx are all higher than the 
threshold value of about 50%, as indicated by arrow Y 
in Fig. 13. 

Fourteenth Embodiment 

[0111] The present embodiment is also adapted to 
use the emission control system as used in the first em- 
bodiment and as shown in Fig. 2, for introducing a re- 
ducing agent including urea into the exhaust pipe 7. In 
this embodiment, however, the emission control system 
uses silicone oil as a water- insoluble liquid included in 
the reducing agent, so that a mixture of the solid urea 1 
and the silicone oil is introduced as the reducing agent 
into the exhaust pipe 7. 

[0112] As in the twelfth embodiment, the introduction 
of the reducing agent comprising the mixture of the solid 
urea and the silicone oil is initiated when the purification 
percentages of the mixture, HC and NOx have all ex- 
ceeded the predetermined threshold. 



20 

[0113] Namely, the introduction of the reducing agent 
is initiated when the detected temperature of the ex- 
haust gas (denitration catalyst) has exceeded a thresh- 
old value above which the purification percentages of 
5 the silicone oil, HC and NOx are all higher than the 
threshold value of about 50%, as indicated by arrow Z 
in Fig. 13. 

[0114] Thus, the reducing agent is introduced into the 
exhaust passage only after the temperature of the ex- 

10 haust gas has been raised to a value at which the puri- 
fication percentage of the water-insoluble liquid is suffi- 
ciently high, so that the introduction of the reducing 
agent including a solid reducing material (e.g., urea) 
permits effective reduction or removal of NOx, while pre- 

15 venting deterioration of the exhaust emission of the in- 
ternal combustion engine. 



Claims 

20 

1 . A reducing agent comprising a mixture of an ammo- 
nia-derived, solid reducing material (1 ) and a water- 
insoluble liquid in which the solid reducing agent is 
immersed. 

25 

2. The reducing agent according to claim 1 , wherein 
the ammonia-derived, solid reducing material is se- 
lected from the group consisting of urea, biuret, and 
ammonium carbamate. 

30 

3. The reducing agent according to claim 2, wherein 
the ammonia-derived, solid reducing material is sol- 
id urea. 



35 4. The reducing agent according to any one of claims 
1-3, wherein the ammonia-derived, solid reducing 
material is in one of a powered form and a pelletized 
form, and has a particle or pellet size of less than 
about 3.0mm. 

40 

5. The reducing agent according to any one of claims 
1 -4, wherein the water-insoluble liquid comprises at 
least one substance selected from the group con- 
sisting of light oil, kerosene, gasoline, silicone oil, 

45 rapeseed oil, coconut oil and eucalyptus oil. 

6. The reducing agent according to any one of claims 
1 -4, wherein the mixture has a temperature that is 
lower than a temperature above which the solid re- 

so ducing material is fused. 

7. The reducing agent according to claim 6, wherein 
the temperature of the mixture is lower than a lower 
one of a boiling point of the water-insoluble liquid 

55 and a fusing point of the solid reducing material. 

8. The reducing agent according to any one of claims 
1 -7, wherein the water-insoluble liquid has a lower 
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specific gravity than the solid reducing material. 

9. A reducing-agent supply device for an internal com- 
bustion engine, for supplying a denitration catalyst 
(70) with a reducing agent (1), wherein: s 

the reducing agent comprises a mixture of an 
ammonia-derived, solid reducing material and 
a water-insoluble liquid; and 
the reducing-agent supply device is operable 
to introduce the reducing agent into a portion 
(64) of an exhaust passage of the internal com- 
bustion engine that is upstream of the denitra- 
tion catalyst. 

10. The reducing-agent supply device according to 
claim 9, which is operable to introduce the reducing 
agent into a portion of the exhaust passage be- 
tween the internal combustion engine and the den- 
itration catalyst when only the denitration catalyst is 
provided in the exhaust passage. 

11. The reducing-agent supply device according to 
claim 9, wherein: 

a catalyst (62 : 66, 68, 72, 74, 76) that converts 
NH 3 into NO is disposed in a first portion of the 
exhaust passage that is between the internal 
combustion engine and the denitration catalyst; 
and 

the reducing-agent supply device is operable 
to introduce the reducing agent into a second 
portion (64) of the exhaust passage that Is be- 
tween the catalyst and the denitration catalyst. 

12. A reducing-agent supply device for an internal com- 
bustion engine including an exhaust passage, com- 
prising: 



near the exhaust passage, the reducing-agent 
supply device being operable to introduce a 
controlled amount of a reducing agent (1) into 
the exhaust passage for use with the denitra- 
tion catalyst, the reducing agent comprising a 
mixture of an ammonia-derived : solid reducing 
material and a water-insoluble liquid. 

1 4. The emission control system according to claim 1 3 , 
wherein the reducing-agent supply device introduc- 
es the reducing agent into the exhaust passage 
when a first purification percentage representing a 
capability of the denitration catalyst to remove the 
water-insoluble liquid is greater than a first thresh- 
old value. 

15. The emission control system according to claim 13 
or claim 1 4, wherein the reducing-agent supply de- 
vice introduces the reducing agent into the exhaust 
passage when a second purification percentage 
representing a capability of the denitration catalyst 
to remove HC, and a third purification percentage 
representing a capability of the denitration catalyst 
to remove NOx, are greater than respective second 
and third threshold values. 

16. The emission control system according to any one 
of claims 13-15, further comprising: 

an ammonia sensor (36) disposed downstream 
of the denitration catalyst; and 
a controller (16) that corrects the controlled 
amount of the reducing agent, based on a de- 
tection value of the ammonia sensor. 

17. A method of reducing or removing NOx in an ex- 
haust gas contained in an exhaust passage of an 
internal combustion engine, comprising: 



15 



20 



25 



30 



40 placing a denitration catalyst (1 0) that reduces 

or decomposes NOx in the exhaust passage of 
the internal combustion engine; and 
introducing a controlled amount of the reducing 
agent according to claim 1 into the exhaust pas- 

45 sage upstream of the denitration catalyst. 



acontainer(12, 13) for storing a reducing agent 
(1) comprising a mixture of an ammonia-de- 
rived, solid reducing material and a water- insol- 
uble liquid; and 

a supply control valve (1 4) that is connected to 
the container via a communication passage 
(12e), the supply control valve being operable 
to inject a controlled amount of the reducing 
agent into the exhaust passage of the internal 
combustion engine. 

13. An emission control system for an internal combus- 
tion engine including an exhaust passage, compris- 
ing: 



18. The method according to claim 17, comprising in- 
troducing the reducing agent into the exhaust pas- 
sage when a first purification percentage represent- 
so ing a capability of the denitration catalyst to remove 

the water-insoluble liquid is greater than a first 
threshold value. 

1 9. The method according to claim 1 7 or claim 1 8, com- 
prising introducing the reducing agent into the ex- 
haust passage when a second purification percent- 
age representing a capability of the denitration cat- 
alyst to remove HC, and a third purification percent- 



a denitration catalyst (10) disposed in the ex- 55 
haust passage of the internal combustion en- 
gine, to reduce or decompose NOx; and 
a reducing-agent supply device (11) disposed 
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age representing a capability of the denitration cat- 
alyst to remove NOx, are greater than respective 
second and third threshold values. 

20. The method according to any one of claims 17-19, 
further comprising: 

detecting an amount of ammonia gas in the ex- 
haust passage downstream of the denitration 
catalyst; and 

correcting the controlled amount of the reduc- 
ing agent based on the detected amount of am- 
monia gas. 

21. An internal combustion engine, comprising: 



tection value of the ammonia sensor. 

25. An ammonia-derived reducing agent for an emis- 
sion control system for use with a selective-red uc- 

s tion type NOx catalyst provided in an exhaust pas- 
sage of an internal combustion engine for reducing 
or decomposing NOx, characterized in that the re- 
ducing agent comprises a mixture of an ammonia- 
derived, solid reducing material formed in a prede- 

10 termined size, and a water-insoluble liquid in which 
the solid reducing agent is immersed. 

26. The reducing agent according to claim 25, wherein 
the ammonia-derived, solid reducing material is sol- 

15 id urea. 



an exhaust passage (7, 9); and 

an emission control system including: 

a denitration catalyst (10) disposed in the 
exhaust passage to reduce or decompose 
NOx; and 

a reducing-agent supply device (11) dis- 
posed near the exhaust passage, the re- 
ducing-agent supply device being opera- 
ble to introduce a controlled amount of a 
reducing agent into the exhaust passage 
for use with the denitration catalyst, the re- 
ducing agent comprising a mixture of an 
ammonia-derived, solid reducing material 
and a water-insoluble liquid. 

22. The internal combustion engine according to claim 
21 , wherein the reducing-agent supply device intro- 
duces the reducing agent into the exhaust passage 
when a first purification percentage representing a 
capability of the denitration catalyst to remove the 
water-insoluble liquid is greater than a first thresh- 
old value. 

23. The internal combustion engine according to claim 
21 or claim 22, wherein the reducing-agent supply 
device introduces the reducing agent into the ex- 
haust passage when a second purification percent- 
age representing a capability of the denitration cat- 
alyst to remove HC, and a third purification percent- 
age representing a capability of the denitration cat- 
alyst to remove NOx, are greater than respective 
second and third threshold values. 

24. The internal combustion engine according to any 
one of claims 21-23, wherein the emission control 
system further includes: 

an ammonia sensor (36) disposed downstream 
of the denitration catalyst; and 
a controller (16) that corrects the controlled 
amount of the reducing agent, based on a de- 



27. The reducing agent according to claim 25 or claim 
26, wherein the water-insoluble liquid comprises at 
least one substance selected from the group con- 

20 sisting of light oil, kerosene, gasoline, silicone oil, 
rapeseed oil, coconut oil and eucalyptus oil. 

28. The reducing agent according to any one of claims 
25-27, wherein the mixture has a temperature that 

25 is within a range in which the solid reducing material 
is not fused. 

29. The reducing agent according to any one of claims 
25-28, wherein the water-insoluble liquid has a low- 

30 er specific gravity than the solid reducing material. 

30. A reducing-agent supply device for an internal com- 
bustion engine, for supplying a denitration catalyst 
with a solid reducing agent, characterized in that: 

35 

the solid reducing agent comprises a mixture of 
an ammonia-derived, solid reducing material 
and a water-insoluble liquid; and that 
the reducing-agent supply device is operable 
40 to introduce the solid reducing agent into a por- 

tion of an exhaust passage of the internal com- 
bustion engine that is upstream of the denitra- 
tion catalyst. 

45 31. A reducing-agent supply device for an internal com- 
bustion engine, for supplying a denitration catalyst 
with a solid reducing agent, characterized in that: 

the solid reducing agent comprises a mixture of 
so an ammonia-derived, solid reducing material 

and a water-insoluble liquid; and that 
the reducing-agent supply device is operable 
to introduce the solid reducing agent into a por- 
tion of the exhaust passage between the inter- 
55 nal combustion engine and the denitration cat- 

alyst when only the denitration catalyst is pro- 
vided in the exhaust passage. 
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32. A reducing-agent supply device for an internal com- 
bustion engine, for supplying a denitration catalyst 
with a solid reducing agent, characterized in that: 

the solid reducing agent comprises a mixture of 5 
an ammonia-derived, solid reducing material 
and a water-insoluble liquid; and 
when a catalyst for converting NH 3 into NO is 
disposed in a portion of the exhaust passage 
that is between the internal combustion engine 10 
and the denitration catalyst, the reducing-agent 
supply device is operable to introduce the solid 
reducing agent into a portion of the exhaust 
passage that is between the catalyst and the 
denitration catalyst. 15 

33. An emission control system for an internal combus- 
tion engine including an exhaust passage, wherein: 

an ammonia-derived reducing agent is used for 20 
a denitration catalyst disposed in the exhaust 
passage of the internal combustion engine for 
reducing or decomposing NOx, the reducing 
agent comprising a mixture of an ammonia-de- 
rived, solid reducing material formed in a pre- 25 
determined size and a water-insoluble liquid in 
which the solid reducing material is immersed; 
and 

the reducing agent is introduced into the ex- 
haust passage when a capability of removing 30 
the water-insoluble liquid is within a predeter- 
mined range. 

34. The emission control system according to claim 33, 
wherein: 35 

an ammonia sensor is disposed downstream of 
the selective- reduction type NOx catalyst; and 
correcting means is provided for correcting a 
controlled amount of the reducing agent, based 40 
on a detection value of the ammonia sensor. 



45 



50 



55 



14 



BNSDOCID: <EP 1210968A1J_> 



EP 1 210 968 A1 



F I G. 1 




BNSDOCID: <EP 1210968A1J_> 



15 



EP1 210 968 A1 




16 

BNSDOCID: <EP 1210968A1J_> 



EP1 210 968 A1 

t 




BNSDOCID: <EP . 1210968A1 i > 



17 



EP1 210 968 A1 








o 




p 


ALY 


ENIT 


i- 


CA 


Q 








CD 



JO 
<Plu 

o 



CD 



2 
JO 
<Puj 

gp 

= o 

o 



CD 



<Plu 



... 





ID 


CD 


CD 


CD 


CD 








1 1 


Ll 


Ll 



18 



BNSDOCID: <EP 1210968A1J_> 



EP 1 210 968 A1 





<3 



00 

(5 

li. 



\ 



i 



0) 

(3 
Ll 



19 



BNSDOCID: <EP_ 



_1210968A1_I_> 



EP 1 210 968 A1 






25 

ill 

OOE2 

3CCX 
UJZ 



O 

00. 



CL 
Q 




CM 



Li- 



CS 



U_ 



20 



BNSDOCID: <EP 1210968A1_I_> 



EP 1 210 968 A1 




30V±N30U3d 
NOLLVOUiand x ON OH 



21 



BNSDOCID: <EP 1210968A1_I_> 



EP 1 210 968 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 7140 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFJCATION OF THE 
APPLICATION <fflt.CL7) 



DE 199 12 374 C (HJS FAHRZEU6TECHNIK GMBH 
& CO) 30 March 2000 (2000-03-30) 

* column 4, line 3 - line 7 * 

* column 4, line 44 - line 45 * 

* column l s line 35 - line 44 * 

* column 3, line 68 - column 4, line 3 * 

PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 012 (C-0795), 

10 January 1991 (1991-01-10) 

& JP 02 261519 A (BABC0CK HITACHI KK), 

24 October 1990 (1990-10-24) 

* abstract; figure * 

GB 714 327 A (LESLIE SENIOR THORN E S ; ANGLO 
IRANIAN OIL CO LTD) 

25 August 1954 (1954-08-25) 

* page 1, line 48 - line 69; claims 1,7 * 

US 4 469 648 A (FERRARIS MARIO ET AL) 
4 September 1984 (1984-09-04) 

* column 3, line 25 - line 31 * 

* column 3, line 38 - line 41; claims 1,4 
* 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 044 (M-1547), 

24 January 1994 (1994-01-24) 

& JP 05 272331 A (HIN0 MOTORS LTD) . 

19 October 1993 (1993-10-19) 

* abstract; figure * 

US 4 325 924 A (ARAND JOHN K ET AL) 

20 April 1982 (1982-04-20) 

* column 2, line 13 - line 16 * 

* column 2, line 24 - line 30; claims 6,8 
* 

* column 3, line 33 - column 4, line 2 * 

-/- 



The present search report has been drawn up for ail claims 



1,2 



12 

13,17 
33 

9,12,13, 
30-32 



B0 ID 53/94 
B01D53/90 
F01N3/20 



1,3,25 



1,4,5,25 



21 



1,17 



13 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



B01D 
F01N 





Place of 3<?arcft 




Oate of oomphrtion ot iho search 


Examine) 




MUNICH 




7 February 2002 


Jochheim, J 




CATECaORY OF CITED DOCUMENTS 


T : theory or principle underlying the invention 








IE : eartier patent UoiajrnenL, but published on, or 


X 


. particularly relevant if taken alone 




after fro filing date 




Y 


. particularly relevant it combined with aiotner 


1} : document cited In Ihe application 




document of the same category 




1. . document cited for other reasons 


A 


: technological background 








O 


: n on -written disclosure 




H; : member of the same patent family, corresponding 


P 


: intermediate document 




document 





22 



1210968A1J_> 



EP1 210 968 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 7140 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document wrth Indication, whore appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (tatCI.7> 


A 


US 5 453 257 A (DIEP DANIEL V ET AL) 
26 September 1995 (1995-09-26) 
* column 7, line 27 - line 49 * 


1 





TECHNICAL FIELDS 
SEARCHED (lnLCL7) 



The present search report has been drawn up for all claims 



Place ot search 

MUNICH 



Date of completion of Hie search 

7 February 2002 



Examiner 

Jochheim, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly retevanl tt taken alone 

Y : particularly relevanl If combined with another 

document &f the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theocy or principle underlying the invention 
C : earlier patent document but published on. or 

after Ihe filing date 
D : document cited In the application 
L : document cited lor other reasons 



8 : member of the same patent tamily, corresponding 
document 



23 



1210968A1_I_> 



EP1 210 968 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 7140 



This annex tists the patent family members relating to trie patent documents cited in the above-mentioned European search report 
The members a-e as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

07-02-2002 



Patent document 
! cited rn search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



Pit 1QQ19^7A 


r 
U 






Ut 


1 OQ 1 0*3 *77l 

iyyiZ3/4 


CI 


30-03-2000 












1G38569 


A2 


27-09-2000 


Or UccOJLO iy 


A 

A 




-iyyu 


NUNt 








bo 7lHJd/ 


A 

A 


1C AO 


- lyo4 


hi ah r~ 

NONE 








IIC A A CLClCLA O 

44o9o4o 


A 

A 


n/i no 
U4-U9' 


-1984 


T T 

IT 


1Q96661 


B 


26-08-1985 










AR 


220395 


Al 


31-10-1980 










A T 
A 1 


365096 


B 


10-12-1981 










A T 

AT 


4163/9 


A 


15-05-1981 










Ai 1 

AU 


530494 


B2 


21-07-1983 










AI 1 

AU 


4797379 


A 

A 


20-12-1979 












876920 


A 1 

Al 


12-12-1979 










DK 


7903724 


A 


r\ r~ r*t r\ 1 aaa 

05-02-1980 










r a 
LA 


1 i oocm 
lljfcJblo 


Al 


31-08-1982 










CH 


641686 


A5 


15-03-1984 










DE 


2924029 


Al 


20-12-1979 










OK 


239779 


A ,B, 


14-12-1979 










ES 


481466 


Al 


01-07-1980 










FI 


791840 


A ,B, 


14-12-1979 










FR 


2428464 


Al 


11-01-1980 














M ,15 


uy— u i - lyou 










GB 


2G56987 


A ,B 


25-03-1981 










GR 


72467 


Al 


10-11-1983 










IK 


151519 


Al 


14-05-1983 










JP 


1483345 


C 


27-02-1989 










JP 


55018294 


A 


08-02-1980 










JP 


63032496 


B 


30-06-1988 










MX 


152552 


A 


23-08-1985 










NL 


7904536 


A ,B. 


17-12-1979 










NO 


791967 


A ,B, 


14-12-1979 










PH 


18077 


A 


18-03-1985 










PT 


59758 


A 


01-07-1979 










SE 


437476 


B 


04-03-1985 










SE 


7905027 


A 


14-12-1979 










SU 


1111678 


A3 


3G-08-1984 










ZA 


7902937 


A 


25-06-1980 


JP 05272331 


A 


19-19- 


1993 


NONE 








US 4325924 


A 


20-04- 


1982 


NONE 








US 5453257 


A 


26-09- 


1995 


WO 


9408894 


Al 


28-04-1994 



For more details about Ibis annex ; see Official Journal of the European Patent Office, Mo, 1 2/82 



24 



121096BA1J_> 



